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Abstract

Object: Alfalfa (Medicago sativa L.) is an important, high-quality leguminous forage crop that plays a
significant role in livestock farming and ecological restoration globally. Currently, soil salinisation has
become one of the major environmental factors limiting the growth, development and yield of forage crops.
DUF 1644 is a plant-specific and highly conserved protein family involved in plant responses to abiotic stress;
however, its specific molecular regulatory mechanisms remain unclear. In this study, ‘XinJiangDaYe’ alfalfa
was used as the experimental material to characterise the DUF1644 gene family systematically. Furthermore,
MsDUF1644-1 was selected as the primary target to elucidate its biological function and underlying
molecular mechanisms in response to salt stress.

Methods: Based on the alfalfa genomic data, DUF[ 644 family members were identified using bioinformatics
approaches. Their phylogenetic relationships, gene structures, conserved motifs, chromosomal distribution,
and collinearity were analyzed. Combined with cis-acting element prediction and expression profiling, the
potential functions of MsDUF 1644 genes were preliminarily evaluated. The promoter and coding sequence
of MsDUF1644-1 were cloned to construct pMsDUF[644-1::GUS and fluorescent protein fusion vectors.
Promoter activity and subcellular localization were analyzed using transgenic Arabidopsis and transient
expression in tobacco. Overexpression and RNAi vectors were further constructed, and their biological
functions were validated in yeast, Arabidopsis, and alfalfa. Finally, interacting proteins were screened by
yeast two-hybrid assays and verified by luciferase complementation imaging (LCI), GST pull-down, and co-
immunoprecipitation (Co-IP) assays.

Results: (1) A total of 23 DUF 1644 family members were identified in alfalfa. This family is highly conserved
in legume species, and its expansion is mainly associated with whole-genome duplication and segmental
duplication events. Promoter analysis revealed that MsDUF 1644 genes are enriched with hormone- and
stress-responsive cis-elements. Expression profiling indicated that some members exhibited significant
differential expression across tissues and stress conditions, suggesting their involvement in stress responses
and growth regulation.

(2) The promoter of MsDUF1644-1 was cloned and characterized in our study. The promoter activity
was relatively low under normal conditions but was significantly induced by 150 mmol/L NaCl treatment,
indicating that this gene is salt-inducible. Subcellular localization analysis showed that MsDUF1644-1
protein is mainly localized in the nucleus, with additional distribution in the plasma membrane and cytoplasm.

(3) Functional analyses in yeast, transgenic Arabidopsis, and alfalfa overexpression and RNAi lines



demonstrated that MsDUF1644-1 negatively regulates salt tolerance. RNAI lines exhibited higher proline
accumulation, enhanced activities of antioxidant enzymes (SOD, CAT, and POD), reduced MDA content,
and delayed chlorophyll degradation under salt stress. The results of these phenotypic and physiological
measurements indicate that MsDUF'1644-1 acts as a negative regulator in plant salt stress tolerance.

(4) Yeast two-hybrid screening identified MsGRXCI11 as an interacting protein of MsDUF1644-1. The

interaction between MsDUF1644-1 and MsGRXC11 was further confirmed by LCI, GST pull-down, and
Co-IP assays.
Conclusion: This study systematically characterized the DUF1644 gene family in alfalfa and demonstrated
that MsDUF1644-1 functions as a negative regulator in salt stress response. The results suggest that
MsDUF1644-1 may modulate plant adaptation to salt stress through interaction with MsGRXC11. These
findings provide a theoretical basis for elucidating the molecular mechanisms of stress responses in alfalfa
and for identifying candidate genes for improving stress tolerance in forage crops.

Key words: alfalfa (Medicago sativa L.); DUF1644; salt stress; functional analysis; abiotic stress
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